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circumference, Mercurial contamination, | includes 130 adult individuals from Barreiras and 80 from São Luiz do 
riverine populations. Tapajos, of both sexes, who agreed to participate in this study. A semi- 


structured questionnaire was applied to obtain epidemiological and 
nutritional information, and validated conventional methods were used to 
evaluate the anthropometric parameters. Results: Total mercury in hair was 
measured using the atomic absorption spectrometry technique. In both 
communities, the prevalence of overweight was 60%, and abdominal 
adiposity among these individuals was higher than in those without 
overweight. The consumption of fish in the overweight and eutrophic groups 
in the inhabitants of the community of São Luiz do Tapajós differed, as well 
as and the average levels of mercury in the hair were higher in those who 
were overweight. However, this association was not observed in the 
community of Barreiras, where about approximately 61% of individuals, 
regardless of body weight, consumed little fish and in turn had low average 
levels of mercury in their hair. Conclusions: The evidence indicates changes 
in the eating habits of the studied communities, determining a nutritional 
imbalance through an increasing body weight gain among individuals, high 
BMI, and consequently the measurement of abdominal adiposity, which are 
factors for non-transmissible chronic diseases. Moreover, not only the 
excessive caloric intake and sedentary lifestyle, but also it is note, that 
mercurial toxicity must have contributed to affect affecting endocrine 
homeostasis and the physiology of metabolism; and, therefore, it is essential 
to seek appropriate interventions to combat public health diseases in 


communities exposed to mercurial contamination. 
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I. INTRODUCTION 


The frequency of obesity is one of the multiple 
components associated with metabolic syndrome. A 
disorder that can lead to the loss of homeostasis of the body 
by involving modifications in the metabolism of 
carbohydrates, lipids, and proteins from food consumption. 


Obesity is a major risk factor contributing to the 
global burden of disease worldwide In Brazil, a study 
carried out in the Brazilian capitals showed that there was a 
statistically significant increase in most indicators related to 
weight gain for both genders, age groups, schooling, and 
regions from 2006 to 2013, with a growth trend towards 
both overweight and obesity (Malta et al., 2016). 


Body overweight is a trait of multifactorial origin, 
whose group of factors interact with each other, such as in 
particular the genetic predisposition of individuals to weight 
gain and environmental aspects, involving inappropriate 
eating habits, and sedentariness, which are able to modulate 
gene expression (Caspers et al., 2019). 


These factors added to the intense urbanization and 
globalization of food marketing have consequently an 
increase in consumption of industrialized products and a 
decrease in "fresh" foods such as fruits, vegetables and 
legumes (De Souza, 2017), with changes in the food pattern, 
providing an imbalance by excessive calorie intake. 
(M.S.2014). The occurrence in a global context of this 
nutritional transition and its aspects reflect the current 
nutritional status of the Brazilian population, including 
changes in the nutritional status of riverine communities in 
relation to the development of overweight and obesity 
(Piperata, 2011). 


Thus, the various metabolic and lifestyle interactions 
associated with overweight, and obesity have a 
socioeconomic impact, as they favor chronic pathologies 
such as hypertension, heart failure, coronary artery disease, 
diabetes mellitus, dyslipidemias and premature death (Hall 
et al., 2014). Circumstantially, among these aspects, it is 
also important to mention a relationship between exposure 
to heavy metals and the development of obesity (Lubrano et 
al., 2013). 


Several revised data suggest that contamination by 
heavy metals may interfere with mechanisms related to 
weight gain (Rotter et al., 2015), as these elements act as 
chemical disrupters of the endocrine system and human 
metabolism (Moon, 2017). Fish is the main source of 
protein for riverine communities, and it is through the 
contamination of these fish by the organic form of mercury 
that human intoxication occurs (Dolbec et al., 2000). The 
consequences of exposure to methylmercury are 
irreversible, with symptoms associated with neurologic 
genesis among which changes such as blurred vision, 
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reduced visual field, hearing loss, motility disorder, and in 
severe cases of exposure can lead to death (Bisinoti & 
Jardim 2004). 


Some reports (Park & Lee, 2017; Eom et al., 2014; 
Qin et al.,2010) point to a significant relationship between 
capillary and blood mercury levels and body mass index 
(BMI), waist circumference, systolic and diastolic blood 
pressure, and changes in triglyceride and glucose levels, 
especially among people diagnosed with metabolic 
syndrome. On the other hand, the role of Hg in the 
development of these metabolic diseases is still 
contradictory and not properly clarified. Therefore, it is of 
extreme value to public health to understand the impact that 
this environmental chemical has on the metabolic system, 
the mechanisms that induce these effects and how they can 
be mitigated. 


In this sense, the objective of this study is to know 
the influence of risk factors associated with overweight and 
obesity in riverine residents of the Tapajós-PA region, 
seeing to relate the nutritional status and its anthropometric 
parameters to the frequency of consumption of fish and 
other foods in the riverine communities studied, exposed to 
mercurial contamination. 


II. METHODOLOGY 
Design of the study 


The study developed was a descriptive and analytical 
cohort that included the riverside communities of Barreiras 
and São Luiz do Tapajós in the Tapajós River basin, 
exposed to mercurial contamination, in the municipality of 
Itaituba, Belém-Pa. 


Casuistic and place of study 


The survey evaluated the communities of Barreiras and São 
Luiz do Tapajós, located on the banks of the Tapajós River 
basin characterized by a history of chronic exposure to 
mercury. The samples were collected from June 2014 to 
November 2017. The target audience included individuals” 
> 18 years of age, of both sexes, who have resided in the 
community for more than one year and who have agreed to 
participate in the study after appropriate guidance and 
informed consent. This study was approved by the Research 
Ethics Committee of the Center for Tropical Medicine of 
the Federal University of Pará (Advice No. 2,749,867). 


According to a survey conducted by the Brazilian 
Institute of Geography and Statistics (IBGE) in 2010, the 
municipality of Itaituba has an estimated population of 
97,343 inhabitants within a territory of 62,041 km?, with 
several communities distributed along the banks of the 
Tapajós River, inhabited by families that subsist on 
agriculture, mainly manioc and subsistence fishing. 
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Barreiras and São Luís do Tapajós are from these 
community. 


Epidemiological and body 
assessment. 


composition 


A semi-structured questionnaire was applied to 
collect information regarding the sociodemographic profile 
(age, gender, income, and education), presence of 
comorbidities, food survey, lifestyle (smoking, elitism), 
economic conditions (occupation, income) and health. In 
the evaluation of the nutritional status for the public, 18 to 
60 years was determined by the Body Mass Index body 
mass index (BMI), the measurement of waist circumference 
(WC) for adults over 18 years, based on data validated by 
the World Health Organization (WHO, 1998). While for 
individuals over 60 years was used old, the cutoff point of 
BMI for the elderly, was validated by Lipschitz et al., 1994. 
The measurement of waist circumference was obtained 
using an inelastic tape measure adjusted to the body at the 
midpoint between the upper iliac crest and the last rib, with 
the reading made at the end of the normal expiratory 
movement. 


Analysis of diet variety 


The dietary history obtained by questioning the 
participants of the study about the frequency of food 
consumption in the last three months. The frequency of food 
consumption was converted into a daily equivalent. These 
values were assigned: "more than three times/day" = 3; "two 
to three times/day" = 2; "one times/day" = 1; "five to six 
times/week" = 0.79 (=[(5+6)/2]/7); "two to four 
times/week"= 0.43 (=[(2+4)/2]/7); "once/week" = 0.14 
(1/7); "once to three times/month" = 0.07 (=[(1+3)/2]/30); 
“never/when never" = 0. This dietary information was 
evaluated according to the recommendations of the Food 
Guide for the Brazilian population (Ministério da Saúde, 
2005) and the food pyramid proposed by the Ministry of 
Health (14) as a parameter for food groups. Based on the 
studies by Fisberg et al.; 2004 and Mota et al., 2008 was 
made, a comparison of dietary variety was made, while the 
description and scoring of dietary quality was performed 
through the Healthy Eating Index (TAS). 


Healthy eating index (IAS) 


IAS has evaluated six different basic components of 
a healthy diet. The score varied from 0 to 10 for each of 
these six components, and so the index ranged from 0 to 60 
points. Components | to 5 evaluate the diet according to the 
food pyramid portion recommendations for the six main 
groups: cereals, vegetables, fruits, milk, legumes, and meat. 
Thus, the maximum score is obtained when 6-11 portions of 
cereals are consumed; 3-5 portions of vegetables; 2-4 
portions of fruits; 2-3 portions of milk and milk products; 
and 2-3 portions of meat and legumes. 
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On the other hand, when there is no consumption of 
these items, i.e., when the consumption is zero, the score 
obtained is zero. For all these components of IAS, whose 
consumption is between the minimum (zero) and maximum 
(ten) cut-off points, the score is proportionally calculated. 
Moreover, according to the sum of these scores for each of 
these assessed IAS of components, diets have been 
classified into three categories: healthy diet (over 48 points), 
diet requiring improvement (31-48 points) and inadequate 
diets (under 31 points). 


Biological sampling and treatment 


Hair samples were collected from each participant, 
obtained by cutting with stainless steel scissors near the 
scalp, for analysis of total Hg. After collection, the samples 
were duly stored and sent to the Laboratory of Human and 
Environmental Toxicology of the Center for Tropical 
Medicine (NMT) of the Federal University of Para (UFPA), 
to be analyzed by atomic absorption spectrophotometry 
technique. 


In the determination of total mercury, the samples 
were washed with neutral detergent, and rinsed intensely 
with deionized water to remove the detergent. Finally, they 
were washed twice with 3 mL of acetone and dried at room 
temperature. Then, they were transferred to glass flasks 
previously washed with 5% potassium permanganate 
solution and intensely chopped (cuts smaller than 2 mm) 
using stainless steel scissors. 


In the analysis of total Hg concentrations, the 
combustion method was used, followed by the 
amalgamation in gold plates using a flameless SP3D atomic 
absorption spectrometer from Nippon Corporation-Japan. 
In this method, hair samples are mineralized at 800°C in a 
closed oven, and the mercury vapor is released and 
amalgamated on gold plates, washed, and later transferred 
to a detector with a fixed wavelength of 254.7 mm. 


Statistical analysis 


The survey data were tabulated using the Microsoft 
Excel® 2013 program, and thea significance level of 5% (p- 
value < 0.05) was adopted for statistical tests. Statistical 
calculations were performed using Bioestat® version 5.0 
AYRES,2007. 


HMI. RESULTS 


The study included 210 individuals living in two 
riverside communities of the Tapajós River valley, 
corresponding to 130 samples from the population of 
Barreiras (BAR) and 80 samples from the community of 
São Luiz do Tapajós (SLT). In general, the mean age of the 
individuals evaluated was 46.04 + 15.62 years (47.79 + 
16.24 years for Barreiras and 43.28 + 14.25 years for São 
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Luiz do Tapajés). A mean BMI of 27.05 + 4.86 kg/m2 
(26.74 + 4.42 Kg/m2kg/m2 for Barreiras and 27.28 + 5.18 
kg/m2 for São Luiz do Tapajós), with a minimum value of 
15 kg/m2 and maximum of 45.08 kg/m2. 
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In the elderly group (age > 60 years), the observed 
proportions of overweight for BMI values > 27 
Kg/m2kg/m2 oscillated close to 50%, with 47.1% (16/34) 
for Barreiras and 53.8% (7/13) for São Luiz do Tapajós 


(figure 1). 
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Fig.1. Estimated frequency of BMI values (kg/m?) according to the criteria established for determining overweight in adults 
and the elderly in the riverside communities of Barreiras and São Luiz do Tapajós in the municipality of Itaituba, Pará, 
2014-2018. 


In the analysis of the classification of the waist 
circumference measurement regarding risk for chronic non- 
transmissible diseases, the highest percentages were 
observed in the high-risk group (Men > 102 cm: Women > 
88 cm), especially in the population of Barreiras, with 
41.5% (54/130) of the cases. The proportion of individuals 
classified with normal waist circumference values (Men < 
94 cm; Women < 80 cm) occurred in 37.0% in Barreiras and 
31.2% in São Luiz do Tapajós (figure 2). 


When the factor, central adiposity, was analyzed, 
significant differences (p < 0.001) were shown as a function 
of the nutritional status determined by BMI in both 
communities studied, with individuals with excess weight 
presenting a greater measure of abdominal circumference 
than those without excess weight, as shown in Figure 3. The 
general mean (88.97 cm), in turn, was lower than the mean 
of those who were overweight in both populations but 
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exceeded that of individuals without overweight. Thus, the 
displacement of the mean and confidence interval (CI) of 
those affected by overweight can be clearly seen. In both 
communities, in the group of individuals with excess body 
weight, the mean circumference was 93.39 cm in Barreiras 
and 95.17 cm in SLT, and the lower limits (91.50 cm and 
92.36 cm) of the respective IC were greater than the upper 
limit (90.46 cm) of the general mean IC (88.97 cm). 
Similarly, in the group of individuals without excess body 
weight, the mean circumference was 81.45 cm in Barriers 
and 79.87 cm in TLS, and the upper limits (84.05 cm and 
82.36 cm) of the respective IC were lower than the lower 
limit (87.48 cm) of the general mean IC (88.97 cm). The IC 
(95%) of the general mean, as expected in the face of the 
sample size (n=210), was lower (87.48 cm to 90.46 cm), that 
is, 2.98 cm. 
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Fig.2. Distribution of risk classification for chronic noncommunicable diseases according to waist circumference (cm) 
measurements in the riverside populations of Barreiras and São Luiz do Tapajós in the municipality of Itaituba, Pará, 2014- 


2018. 
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Fig.3- Confidence interval diagram (95%) of the general average waist circumference (cm) considering the presence of 
overweight in the riverside populations of Barreiras and São Luiz do Tapajós in the municipality of Itaituba, Pará, 2014 - 


In relation to the nutritional status, with respect to 
consumption and specific dietary habits present in riparian 
communities, the distribution relative to the variety of the 
diet, found that 76.7% of individuals consume 6-10 
different types of food per day, reaching a score of 5, which 
defines an average rating for food variety. Another 22.8% 
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consume < 5 different foods daily, with a score of zero, this 
food variety being the minimum (Table 01). The findings of 
the global diet analysis show that the average food variety 
was 6.3 types per day, reflecting a food pattern that still 
needs to improve the diversity of foods consumed in these 
studied communities. Alone, the types of foods estimated 
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are not enough to express the quality of the diet, since this 
does not necessarily imply the occurrence of the ingestion 
of all food groups, nor indeed the excessive consumption or 
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scarcity of foods, whose increased information is relevant 
to analyze the consumption of nutrients in a healthy diet. 


Table 01. Classification of diet quality according to food variety score in the riverside populations of 
Tapajós, Itaituba, Pará 2014-2018. 


Population Variety of aliments 
Food variety Punctuation 
Barreiras SLT 
N (%) N (%) 
Minimum 31 (23.85) 17 (21.52) <5 types 0 
Average 99 (76.15) 62 (78.48) 6-10 types 5 
Adequate 0 (0.00) 1 (1.25) > 10 types 10 


Thus, in this study, in the evaluation of the quality of 
the diet, IAS was added, which divides foods into groups 
and portions, allowing comparison of the amount of food 
ingested with the recommended ideal according to the 


Brazilian food pyramid. The average of portions and the 
score acquired for analysis of the healthy eating index are 
distributed respectively in tables 2 and 3, respectively. 


Table 02. Average values of portions consumed by food category as a function of nutritional status in inhabitants of the 
riverside areas of the Tapajós River, Itaituba, Pará, 2014. 


Average portion consumed/ BAR (Overweight) SLT (Overweight) 

Food group >No “Yes 2No “Yes 
Cereals, roots and tubers 5.90 5.46 5.87 6.33 
Vegetables 0.93 1.13 0.89 0.74 
Leguminous plants 0.91 0.98 1.30 0.92 
Fruits 0.42 0.46 0.48 0.46 
Milk and dairy products 0.85 0.75 0.79 0.67 
Meat 2.18 2.26 2.30 2.38 
Fish/meat ratio! 1.75 1.64 5.85 8.72 


IIncluding beef, chicken, pork and other wild game, 2No: for BMI > 25 kg/2 for ages > 18 and < 60 years or < 27 kg/m2 for ages > 60 years, 3Yes: for BMI > 25 kg/m2 for ages > 18 and < 60 


years or > 27 kg/m2 for ages > 60 years. 


Table 03. Average values of scores obtained for the components of food groups in the healthy eating index (IAS) as a 
function of nutritional status in inhabitants of the riverside areas of Tapajos. 


Components of IAS by food BAR (Overweight) SLT (Overweight) 
group ?No “Yes 2No “Yes 
Cereals, roots and tubers 11.8 10.92 11.74 12.66 
Vegetables 2.32 2.82 2.22 1.85 
Leguminous plants! 9.10 9.80 13 9.20 
Fruit? 1.40 1.53 1.60 1.53 
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Milk and dairy products? 2.83 2.50 2.63 2.23 
Meat and eggs 21.80 22.60 23.00 23.80 
Total Score 49.25 50.17 54.19 51.27 
Fish/meat ratio! 3.06 3.74 7.39 8.37 
Food variety 5.53 6.46 6.97 6.24 


1Including beef, chicken, pork and other wild game, 2No: for BMI > 25 kg/2 for ages > 18 and < 60 years or < 27 kg/m2 for ages > 60 years, 3Yes: for BMI > 25 kg/m2 for ages > 18 and < 60 


years or > 27 kg/m2 for ages > 60 years. 


First, the evaluated group of cereals, consisting of 
foods rich in carbohydrates, was the most consumed, 
particularly among those individuals with overweight and 
greater abdominal circumference in the SLT community. 
The group of vegetables and fruits were less consumed, 
further reinforcing this relationship between those who were 
overweight and the reduced intake of natural, fiber-rich 
foods. The legume group presented an ideal intake of these 
foods, represented by the consumption of beans, a source of 
essential amino acids and a typically Brazilian habit. The 
combination of beans and rice is culturally the most 
important food base and presented an even higher 
consumption among those without excess weight in the SLT 
community. In the group of milk and dairy products, the 
average consumption was low, essentially due to the higher 
cost and its low availability and cultural acceptance, and this 
reduction tends to be slightly accentuated among those who 
are overweight, which favors the damage to health, such as 
susceptibility to chronic diseases and osteoporosis. The 
meat group presented a consumption above the 
recommended, which is also constituted of foods rich in 
fats, being with its consumption expressive among the 
individuals of both communities studied. However, when 
the fish/meat ratio was evaluated, significant differences 
were found between the two communities studied, showing 
the consumption of fish is proportionally at least twice as 
frequent among individuals of SLT compared to BAR 
(Table 2). 


From the final IAS score of IAS (Table 3), the 
quality of diet among individuals with or without excess 
weight in the communities studied can be interpreted as 
"need for changes”. Since the total scores (45<X<72 points) 
establish that not all food needs were contemplated. This 
status is due to a priority / reference consumption of the 
group of cereals, pulses and meat and shortages in the 
consumption of milk and of fruits and vegetables, coupled 
with sedentariness. 


According to the socio-demographic information of 
the surveyed subjects, it was observed that there was a 
higher percentage of women, corresponding to 
approximately 70% for both communities of São Luiz do 
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Tapajós and Barreiras. Many people with low levels of 
education (Illiterate/Elementary Schooling) were also 
observed, corresponding to 75% and 65% of the 
communities of SLT and BAR, respectively. On the other 
hand, most of this population earn income equal to or less 
than one minimum wage, with a distribution of 84% for São 
Luiz do Tapajós and 53% in Barreiras. In this case, these 
communities differ, since in SLT, only 16% of individuals 
have a family income higher than one minimum wage, 
compared to 47% in BAR. In relation to the type of 
occupation, the community of SLT differs from BAR (51% 
vs. 33%), since more than half of the individuals do not have 
a wage (Table 4). 


The only significant difference in socio-demographic 
and alimentation standards between the two villages has 
been the consumption of fish, (in frequency supplemented 
by cassava meal). All other parameters were at the same 
level also for the individuals with excess of body weight. In 
addition, it is relevant to mention that it was reported by 
personal accounts during the anamnesis that none of the 
research participants exercised regularly. 


During the analysis of the epidemiological aspects of 
the riverine populations studied, a high frequency of fish 
consumption was observed, particularly among individuals 
from the community of São Luiz do Tapajós. It became 
necessary to re-evaluate these data, regarding the frequency 
of fish consumption among groups with and without the 
presence of excess body weight in both communities 
studied. The difference observed was very significant (t= 
2,4205; p= 0.0089) in São Luiz do Tapajós. However, this 
was not statistically significant (t= 1, 57; p > 0.05) in the 
Barreiras group. 


In addition, considering the data above, it was 
verified whether there is an association between the levels 
of mercury detected in these communities in relation to the 
nutritional status through the BMI parameter. This analysis 
detected that there is a difference in the average mercury 
levels between overweight and underweight individuals, 
only in the population of São Luiz do Tapajós, and the 
average mercury levels in the overweight group showed 
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higher values than those without overweight. However, in 
the community of Barreiras, the mean capillary mercury 
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levels among the analyzed groups did not differ. These 
findings are shown in figure 4. 
São Luiz do Tapajós 
*p= 0,0207 


Eutrophic 


Fig.4 - Box plot graph as a function of the mean values of capillary mercury Log (ug/g) between the groups with and without 
excess weight in the riverside populations of Barreiras and São Luiz do Tapajós in the municipality of Itaituba, Pará, 2014- 


IV. DISCUSSION 


The study highlights that the epidemiological 
scenario is related to the high prevalence of overweight 
found in the Tapajós riverside communities. The 
population, Barreiras and São Luiz do Tapajós, in the state 
of Para, reveal a phenomenon (Popkin et al, 1993; Popkin 
& Bisgrove, 1998) that occurred on a global scale and has 
been observed in other populations in Brazil. This 
characterize characterizes an increase in rates of obesity in 
different social, economic, environmental, lifestyle and 
health contexts (Malta et al., 2015). 


The World Health Organization has estimated that 
approximately 39% of individuals over 18 years of age are 
overweight in the world worldwide (WHO, 2018). In Brazil, 
the map defined for overweight by regions, estimates 
frequencies of 56.08% for the south, 50.45% for the 
southeast, 48.3% for the center-west, 44.45% for the 
northeast and 48.3% for the north [1]. In a study developed 
in riverside communities of the Madeira River, in the state 
of Rondônia, about approximately 55% of the evaluated 
population was overweight (Oliveira et al., 2013). In this 
study, the frequency of overweight affected approximately 
60% of adult individuals in the riverine populations 
analyzed in the Tapajós valley, and the prevalence described 
above is similar for other Brazilian populations. 


According to previous studies (Berzas-Nevado, 
2010; Bosch et al., 2015), the traditional in habitants of the 
Amazon basin have in fish their main source of protein. The 
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regular in fish. Regular consumption in food may be 
associated with an increase in caloric of energy, either by 
the amount or by the method of preparation of this animal 
protein, or by excessive consumption of other energy 
sources, such as cassava flour (Oliveira et al., 2010) 


From this study, the estimated dietary rates made it 
possible to determine the quality of the diet, according to 
the quantity consumed by groups of foods, showing 
similarities and differences between individuals with and 
without excess body weight in the communities studied. 
There is consumption, which satisfies the recommended 
values in the cereals and legumes. However, consumption 
is above the ideal of meat, while, the shortage is present in 
groups of vegetables and fruits, as well as other natural 
foods rich in fibers, such as whole grains and nuts. Also 
additionally, milk and derivatives are reduced, which results 
in a strong reduction in the variety of foods. 


This is an increasingly common food pattern among 
riverine populations, translated by changes in lifestyle based 
on subsistence economy to another dependent on a market 
economy, and consequent increase in rates of excess body 
weight. (Pinheiro et al.; 2004) 


Therefore, in accordance with these findings, it is 
necessary to invest in food education in these communities, 
seeking the identification of food groups at risk or of 
nutritional benefit, capable of preventing metabolic 
disorders, in health promotion. In general, the diet foods and 
lifestyle (toxic exposure, education, and socioeconomic 
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aspects) are factors that may modify gene expression, 
affecting metabolic functions (Rist et al., 2006) 


This diet can be interpreted either by a high 
concentration of saturated fats coming from the 
consumption of different types of meat, besides in addition 
to simple carbohydrates and industrialized products. This 
occurrence is one of the determinant causal factors for 
weight gain, which suggests having a relationship with the 
community of Barreiras. Since the main determinant cause 
is a nutritional imbalance bound to the excess of total 
calories consumed, and as an example of the high 
consumption of fish flour and proteins, probably 
contaminated with methyl mercury, in São Luiz do Tapajós. 


In this study, the evidence revealed some 
heterogeneity supported by a differentiated reality among 
the riverine populations studied, although they share several 
socio-environmental and cultural similarities. It is worth 
pointing out that the community of Barreiras in relation to 
the community of São Luiz do Tapajós, has the following 
peculiarities: 

1) A geographical location close to the routes to the 
most populated urban centers and, therefore, with greater 
ease of access to these centers, which allows greater 
availability and variety in the purchase of industrialized 
products. 


2) A reduction in fish consumption, and 
consequently, its beneficial action on the body. 


3) Increased by the intake of an increased rate of 
saturated fat from other types of meat and industrialized 
products. 


4) Improved family and occupational income, with 
changes in labor activities of greater intensity to more 
sedentary behaviors. 


In this sense, these environmental conditions 
structured around this community of Barreiras, seem to have 
influenced the rate of local overweight in different ways 
from those observed in the population of São Luiz do 
Tapajós. 


On the other hand, the trend of weight gain among 
individuals of São Luiz do Tapajós was directly linked to 
the consumption of fish, supplemented with cassava flour at 
a higher frequency of four times a week. In the community 
of São Luiz do Tapajós, weight gain may be associated with 
increased availability and a high frequency of fish 
consumption, also reflecting higher average levels of 
capillary mercury among individuals in the overweight 
group than among those individuals without overweight. 
Murrieta et al. (2008) also highlights that in riverine 
populations, fish may not only be the main source of protein 
but also the most important animal source of energy. 
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The nutritional status is a multifactorial process, 
who is, environmental and genetic aspects reflect on the 
nutritional profile of this community. The contrasts 
observed inherent to the epidemiological aspects of these 
communities were provided by the synergism resulting 
from the heterogeneous nature of lifestyles and the 
coexistence of socioeconomic differences among 
individuals from these communities, which has naturally 
contributed to nutritional imbalances and body weight 
increase. Thus, these transformations interfere both in the 
nutritional state as well as and in the health state. In 
addition, by anthropometric and clinical parameters can 
likely classify these individuals not only with high BMI, but 
also with measures of waist circumference, with moderate 
to high risk for non-transmissible chronic diseases, linked 
to ages that are more advanced and the appearance of the 
metabolic syndrome. 


Over a long period, genetic predisposition, excessive 
caloric intake, and sedentary lifestyle were responsible for 
being the main risk factors in the involvement of excess 
body weight (Zhang et al., 2009). However, recent research 
has also pointed out the role of environmental pollutants in 
the development of overweight has been interrelated with 
exposure to heavy metals (Moon et al., 2014). There is no 
precise mechanism of how mercury interacts with the 
parameters associated with overweight. Tinkov et al. (2015) 
support the hypothesis that mercury-induced induces 
systemic responses such as inflammation, oxidative stress 
and endoplasmic reticulum stress. These alterations may be 
determinant for the development of physiological changes 
in the body, contributing to the manifestation of metabolic 
disorders, as one of its components, which is overweight. 


Thus, some studies indicate the association of high 
levels of capillary mercury (Skalnaya et al., 2014) and 
mercury in blood (Cho ef al., 2014) with overweight and 
obesity, this which trigger one of the starting points to assess 
the physiological changes caused in the human body by 
mercurial contamination in the environment. An 
investigation involving 1853 people in Knhanes in 2010 
demonstrated an association between blood mercury versus 
BMI, as well as waist circumference values (Cho et al., 
2014). 


To some extent, some data in the literature have 
been reinforced by extensive investigation of 2114 adults 
without occupational exposure to mercury compounds but 
who, from the influence of dieting, showed a significant 
relationship between blood mercury levels and clinical 
parameters such as BMI, waist circumference, systolic and 
diastolic blood pressure, fasting glucose and triglycerides 
(Eom et al., 2014). 
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Similarly, Qin et al. (2010) reported that the mercury 
concentration is significantly higher in visceral fat than in 
subcutaneous fat. Other studies (Brzoska et al., 2010; 
Michalek et al., 1996) reported that obesity predisposes 
people to lower levels of bile secretion, which would harm 
people with more body fat to eliminate heavy metals, 
because mercury are lipophilic, people tend to excrete more 
slowly than those with less body fat. 


This fact has been corroborated by the study of Park 
& Lee (2017), which described individuals with higher 
concentrations of mercury who also consumed more fish. 
These authors found that individuals with higher mercury 
levels were more likely to be male and had higher body 
mass index, waist circumference and visceral fat tissue, 
although, according to the authors, the mechanisms of these 
interrelations are still unclear. 


Overall, some studies (Chang et al., 2011; You et 
al., 2011; Skalnaya et al., 2014; Tinkov et al., 2015) have 
shown an association of between mercury levels in the body 
and overweight, although there are also gaps in information 
regarding the interrelationship between mercurial exposure 
and the pathogenesis of obesity. This leads to insufficient 
information on the cause-and-effect relationships between 
mercury and obesity. 


In the case of this study, the findings indicated that 
overweight people in the community of São Luiz do Tapajós 
are exposing to higher levels of methyl mercury due to a 
high frequency of fish consumption. This could explain, at 
least partially, the higher percentage of overweight 
individuals found among the inhabitants of the community 
of São Luiz do Tapajós. 


While the rates of overweight observed in Barreiras 
seem to grow similarly to large urban centers and capital 
cities. This finding was not expected, highlighting the 
importance of more in-depth studies capable of clarifying 
the pathogenic mechanisms of overweight. It is necessary to 
promote a model of attention for appropriate treatment, 
integrating socioeconomic policies in the sphere of public 
health. 


The main limitations inherent to this study and that 
supposedly could have influenced the analysis and 
interpretation of the data are basically the tools applied in 
the methodology. In this context, it is considered the food 
indexes selected to estimate and evaluate the quality of the 
diet, as well as the semi-quantitative type of nutritional 
questionnaire, which was elaborated to obtain the 
information of the eating habits of the studied communities. 
Therefore, additional, and complementary studies are 
expected, considering the peculiarities and specificities of 
the diet of the riverine communities, in the scope of basic 
health care. 
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vV. CONCLUSION 


The study demonstrated a high prevalence of excess 
body weight and consequently increased waist 
circumference, whose assessment related to abdominal 
adiposity, presented a moderate to high risk for 
manifestation of metabolic complications related to chronic 
non-transmissible diseases. 


In relation to the epidemiological and nutritional 
aspects, a differentiated food pattern was identified in the 
studied river communities. One is more influenced by the 
globalization processes that favored changes in the 
traditional alimentary habits, mainly in relation to a diet 
with scarcity of natural and fiber-rich foods such as 
vegetables and fruits and to the preferential consumption of 
meat, whose ingestion was above the recommended amount 
in the healthy diet. Therefore, the quality of these diets 
measured by IAS portrays/enhances a nutritional profile that 
requires increasing changes favorable to the variety of foods 
rich in essential nutrients, balanced and appropriate to 
individual needs, decreasing overweight, in addition to 
positively influencing the state of health and quality of life. 
The other food pattern of São Luiz do Tapajós is still more 
traditional, and there we found, especially among 
individuals with excess body weight, a greater frequency in 
the consumption of fish, which in turn showed a positive 
and significant relationship with mercury levels in hair. 
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